Experimental techniques allowing longitudinal studies of vascular disease progression or treatment effects are not readily available for most animal models. Thus, most existing studies are destined to either study individual time points, or the use of large cohorts of animals. Here we describe a non-invasive technique for studying vascular disease that is based on in vivo imaging of the long posterior ciliary artery (LPCA) in the iris of albino rats.
Introduction
Structural and functional vascular responses to environmental factors (5, 14) , genetic predispositions (1, 19) , or pathophysiologic conditions (29) can lead to cardiovascular morbidity and mortality, such as stroke (26) and myocardial infarction (35) . Conversely, therapeutic interventions can slow down or even reverse such vascular alterations (22, 27) . Structural and functional vascular responses to pathogenic or therapeutic factors typically develop as a chronic process over several weeks to months (8, 20, 34, 39) .
Thus, a complete characterization of vascular responses to pathogenic or therapeutic factors requires establishing the time course of such responses. While in vivo techniques based on ultrasound imaging techniques or plethysmography exist to study vascular structure and function in humans (6, 12, 31) , the majority of these techniques have not been adopted to smaller experimental animals, such as rats and mice. Even highresolution ultrasound devices (e.g., Vevo 770, VisualSonics, Toronto, Canada) only provide a resolution of 30 µm. While this resolution may be sufficient to measure lumen diameter and wall thickness of larger conduit arteries, it does not appear to be sufficient to measure wall thickness of resistance arteries in rodents which is in the range of 10 µm. As a result, time course studies on vascular properties of resistance arteries in experimental animals are often performed in individual groups of subjects for each time point. Besides the undesirable use of a large number of animals, statistical power is lower in an experimental design based on independent groups compared to a repeated measures design. Thus, there is a need for in vivo techniques that allow for repeated assessment of microvascular structure and function over a chronic time period in small experimental animals, such as rats and mice.
From recent ophthalmologic studies of the iris of albino mice (3, 36) we have observed that the vasculature of the iris is readily observable in albino animals. The rationale for our current studies was to test whether imaging of this vasculature could be developed to a point empowering longitudinal studies of vascular disease. Such an approach could offer many advantages, including relatively inexpensive, non-invasive in vivo assessment of vascular structure and function of a true resistance artery (lumen diameter ~30-In vivo imaging of the LPCA 2 50 µm) in conscious animals; repeated applicability in longitudinal studies; and potential adaptation to mice.
To test feasibility and refine methodology, three experimental protocols were initiated. In a first protocol, the hypothesis was tested that in vivo imaging of the LPCA in conscious rats can be used to detect differences in the lumen diameter, wall thickness, and W/L ratio of this artery in hypertensive and normotensive rats. To test this hypothesis, images of the LPCA of spontaneously hypertensive rats (SHR) and normotensive Wistar Kyoto rats (WKY) were taken over an observation period of 10 weeks and the time course of the lumen diameter, wall thickness, and W/L ratio of the LPCA was monitored and correlated to systolic blood pressure.
In a second protocol, the hypothesis was tested that in vivo imaging of the LPCA in conscious rats can be used to study endothelial function by monitoring the vascular response to eye drops containing a drug that is expected to cause endotheliumdependent vasodilation. To test this hypothesis, we first determined the time course and dose-response curve of the effect of pilocarpine-containing eye drops (muscarinic agonist) on lumen diameter of the LPCA. We then determined the NO-mediated component of this response using eye drops containing the NO synthase inhibitor N ω -Nitro-Larginine methyl ester hydrochloride (L-NAME). Finally, we compared the vasodilator response of the LPCA to pilocarpine in conscious SHR and WKY.
In a third protocol, we tested if maximum vasodilation of the LPCA can be achieved by corneal application of papaverine, a drug that acts directly on vascular smooth muscle cells to induce vasodilation in large parts by inhibition of Ca 2+ -channels (13) . As in the second protocol, this part of the study involved establishing the time course of the vasodilator response elicited by a single application of the drug and a dose response curve.
Furthermore, the vasodilator response to papaverine was compared between SHR and WKY.
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Material and Methods
Animals
Experiments were performed with normotensive Sprague Dawley rats (SD, Harlan Laboratories, Inc., Haslett, MI), normotensive Wistar Kyoto rats (WKY, Charles River Laboratories International, Inc., Wilmington, MA), and spontaneously hypertensive rats (SHR, Charles River Laboratories International, Inc., Wilmington, MA). Only male rats were included in the study. Rats had free access to a standard rat chow diet and drinking water. Temperature (24±2 °C), humidity (60±10%), and light periods (12:12 h lightdark cycle, lighting 06:00 to 18:00 h) were controlled. All experiments have been approved by the Institutional Animal Care and Use Review Committee at The University of Iowa.
In vivo imaging of the long posterior ciliary artery (LPCA) in conscious rats
Setup and Procedure: The irises of the left eye of the rats were photographed through slit-lamp biomicroscopes (SL-D7, Topcon, Tokyo, Japan or FS-2, Nikon Instruments Inc., Melville, NY) using 40x (Topcon SL-D7) or 30x (Nikon FS-2) objective lenses and Nikon D100 (6 megapixels on Topcon SL-D7) or Canon 50D (15 megapixels on Nikon FS-2) digital cameras (37) . To increase optical resolution, 2x (Topcon SL-D7) or 3x teleconverters (Nikon FS-2) were inserted between the slit-lamp and the digital camera, resulting in optical magnifications of 80x (Topcon SL-D7) or 90x (Nikon FS-2). Together with the resolutions of the cameras, the final digital image resolutions were 0.75 µm/pixel (Topcon SL-D7) and 0.53 µm/pixel (Nikon FS-2). To obtain maximal image quality the cameras were operated at the highest resolution and highest quality setting and the images were stored in lossless Tagged Image File (TIF) or RAW formats.
An example of a photograph of the iris showing the superior and inferior branches of the lateral and medial LPCA is shown in Fig. 1 (top, left) . The imaging procedure was done in conscious animals manually held in front of the slit-lamp biomicroscope by one investigator, while a second investigator operated the slit-lamp and the digital camera. The procedure takes less than one minute for each rat, and was well tolerated.
Identification of the wall and lumen of the LPCA:
To identify the structures within the images of the LPCA that correspond to the wall and lumen of the arteriole a fluorescent
In vivo imaging of the LPCA 4 labeled dye was injected i.v. (in conscious rats, through a previously implanted femoral vein catheter) and the LPCA was imaged immediately after the injection using appropriate excitation and emission filters. Fig. 1 (top, right) shows a bolus of the dye within the LPCA. The fluorescent-labeled bolus marks the inner edge of the vessel wall, while a faint dark line outside of the lumen marks the outer edge of the vessel wall. Brightfield images of the LPCA (Fig. 1, bottom, left) clearly show these structures representing the outer and inner vessel wall. Furthermore, a bright line within the center of the vessel lumen can be identified. We speculate that this optical phenomenon corresponds to axial migration of erythrocytes. Erythrocytes may reflect the flash light causing a bright center line within the vessel lumen, while plasma may be more translucent and may not reflect the flash light as much as erythrocytes.
Image Analysis: The photographs were analyzed using an image processing software (Fig. 1 , bottom, right) that is included with the freely available HemoLab software package (http://www.haraldstauss.com/HemoLab/HemoLab.html). This software visualizes the images such that each pixel within the digital photograph is displayed at exactly one pixel of the computer screen, thus avoiding scaling or interpolation and providing the highest possible image resolution for data analysis. Using a crosshair cursor the investigator marks four points in perpendicular orientation to the longitudinal axis of the artery. Two of the four points mark the outer edges of the vessel wall and two points mark the inner edges of the vessel wall corresponding to the lumen of the artery (Fig. 1, bot- tom, right). Based on these four points the Imager software calculates the cross sectional area of the artery (A CS , area of a circle with the diameter determined by the outer edges of the vessel wall, points A and D in Fig. 1 , bottom, right) and the lumen area (A L , area of a circle with the diameter determined by the inner edges of the vessel wall, points B and C in Fig. 1, bottom, right) . The W/L ratio is then calculated as:
For each image, 10 measurements are taken and the average of the 10 measurements is used for statistical analysis. The variability within these 10 measurements taken from one image is indicated in Table 1 .
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Experimental Protocols Protocol 1: Time course of vascular parameters in WKY and SHR
The experimental protocol was carried out in normotensive WKY rats (n=10, age: 8±1 weeks at start of protocol) and hypertensive SHR (n=10, age: 9±2 weeks at start of protocol). Body weight (BW), systolic blood pressure (BP, tail cuff), heart rate (HR, tail cuff), lumen diameter, wall thickness, and wall to lumen (W/L) ratio of the LPCA were monitored weekly for an observation period of 10 weeks. The same section along the LPCA was imaged and analyzed in consecutive (weekly) imaging sessions (Fig. 2) . At the end of the 10-week observation period, rats were killed and the abdominal aorta was taken for histomorphological determination of lumen area, wall area, and W/L ratio.
Systolic BP and HR monitoring: Systolic BP and HR monitoring was done by tail plethysmography in conscious rats as described by Widdop and Li (38) . However, instead of a piezo-electric pulse transducer an optoelectronic sensor was used to detect pulsesynchronous oscillations in tail blood flow. (1 mm) were discarded and the following sections were used for analysis. This ensured that the same section of the abdominal aorta was analyzed for each rat. The sections were stained H&E (eosin-hematoxylin) and digitized using a complementary metaloxide-semiconductor (CMOS) camera mounted on an inverted microscope. The wall and lumen cross-sectional areas were determined using the ImageJ software (National Institutes of Health, Public Domain, Bethesda, MD) and the wall to lumen (W/L) ratio calculated as the ratio of the two areas.
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Protocol 2: Assessment of endothelial function
Endothelial function was assessed by the vascular response of the LPCA to corneal application of the muscarinic receptor agonist pilocarpine that causes endotheliumdependent vasodilation through multiple mechanisms, including endothelial release of nitric oxide (NO), endothelial-derived hyperpolarizing factor (EDHF), prostacyclin, and others (4, 7, 21, 28) . All experiments were done in conscious rats. 
Endothelial function in WKY and SHR:
After baseline images of the LPCA were taken in WKY (n=6, estimated age 6 months) and SHR (n=6, estimated age 4-5 months), 30 µL of a 1% pilocarpine solution was instilled on the cornea and a second set of images of the LPCA was taken 10 min after pilocarpine application. 15 min after pilocarpine application the NO-synthase inhibitor L-NAME (30 µL, 4% solution) was applied to the cornea and a third set of images of the LPCA was taken 10 min after L-NAME application.
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Protocol 3: Endothelium-independent vasodilation
In an attempt to elicit endothelium-independent maximal vasodilation we tested the vasodilator papaverine. Similar to the pilocarpine experiments described above, we first established the time course of the vasodilator response of a 1% papaverine solution (corneal application, 30 µL, diluted in ddH 2 O) in one SHR. Second, we tested the vasodilator response to increasing concentrations of papaverine (0.01%, 0.03%, 0.1%, 0.3%, 1,0%, and 2%, 30 µL for each dose, diluted in ddH 2 O, images taken 10 min following drug application=maximum response in time course experiment) in WKY (n=4) and SHR (n=2).
Statistical Analysis
Data are expressed as mean±SEM. Two-way analysis of variance (ANOVA) with one repeated (time course) and one independent (rat strains) level was used to analyze weekly body weight, systolic BP, HR, LPCA lumen diameter, LPCA wall thickness, and LPCA W/L ratios in WKY and SHR (Figs. 3 and 4) . In case of statistical significance in the two-way ANOVA, post-hoc Fisher tests (correction for multiple comparisons was achieved by using the studentized range distribution that accounts for the number of groups being compared in the post-hoc tests) were performed for comparisons between individual groups and time points. Unpaired Student's t-tests were performed to compare lumen area, wall area, and W/L ratio of the abdominal aortae in WKY and SHR (Fig. 5) . Linear regression analysis was done to study the correlation between systolic BP and W/L ratio of the LPCA (Fig. 6 ) using two approaches: 1. data from both rat strains and from all 10 weeks pooled; 2. using partial correlation analysis, we corrected for the factor "strain of rat". One-way ANOVA for repeated measures were used to analyze the time course and dose-response curves for pilocarpine and the inhibition of the pilocarpine response by different doses of L-NAME (Fig. 7) . Two-way ANOVA for one repeated (drugs) and one independent (rat strain) measure with post-hoc Fisher tests (correction for multiple comparisons as above) were used to analyze the vascular responses of the LPCA to pilocarpine and L-NAME in WKY and SHR (Fig. 8) . Statistical significance was assumed for P<0.05.
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Results
Protocol 1: Time course of vascular parameters in WKY and SHR
The purpose of this protocol was to test if in vivo imaging of the LPCA can reproduce the well-established finding of hypertensive vascular remodeling in SHR (9, 10, 24, 32) .
Body weight, systolic BP, and HR: In this protocol WKY (n=10) and SHR (n=10) were monitored over a time period of 10 weeks. At the beginning of the protocol WKY were 8±1 weeks of age and SHR were 9±2 weeks old. Body weight increased similarly in both strains of rats and there was no significant difference in body weight between strains (Fig. 3, top) . Throughout the protocol systolic BP was higher in SHR than in WKY and systolic BP continued to rise in SHR but did not change during the observation period of 10 weeks in WKY (Fig. 3, middle) . HR was higher in SHR than in WKY ( Fig. 3 , bottom; P<0.05 for factor strain in 2-way ANOVA). Thus, SHR and WKY demonstrated the expected time course changes in body weight, systolic BP and HR.
Vascular parameters of the LPCA: At each week of the observation period, lumen diameter of the LPCA was significantly smaller in SHR than in WKY. In WKY, lumen diameter decreased significantly over time, while lumen diameter in SHR remained constant throughout the observation period (Fig. 4, top) . Wall thickness of the LPCA was not different between WKY and SHR (Fig. 4, middle) . At each time point, the W/L ratio of the LPCA was significantly larger in SHR than in WKY. W/L ratio in WKY increased with time, while W/L ratio in SHR remained at a constantly elevated level throughout the protocol (Fig. 4, bottom) . These morphological findings are in line with previous reports of reduced lumen diameter and increased W/L ratio without media hypertrophy in renal resistance arteries from SHR compared to WKY (32) and, therefore, suggest that in vivo imaging of the LPCA allows reliable assessment of vascular morphologic parameters in conscious rats.
Vascular Parameters of the abdominal aorta:
The luminal area of the abdominal aorta was significantly smaller in SHR compared to WKY and the wall area was significantly larger in SHR than in WKY. As a result, W/L ratio in SHR was significantly larger than in WKY (Fig. 5 ). These findings demonstrate that hypertensive vascular remodeling identified in resistance arteries by in vivo imaging of the LPCA are accompanied by likewise alterations in conduit arteries in our cohort of experimental animals.
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Correlation between systolic BP and W/L ratio of the LPCA: Fig. 6 demonstrates a significant linear relationship between systolic BP and W/L ratio of the LPCA (R=0.53, P<0.05). Because SHR generally had greater W/L ratios than WKY, one may argue that the significant correlation between systolic BP and W/L ratio of the LPCA is a strain effect rather than a BP effect. However, a partial correlation analysis that corrects for the factor "strain of rat" revealed a weak but significant relationship between systolic BP and W/L ratio of the LPCA (R=0.14, P<0.05). This finding suggests a close relationship between vascular morphology of the LPCA and systolic BP in SHR and WKY.
Collectively, the findings of this experimental protocol on the time course of vascular parameters in WKY and SHR demonstrate that in vivo imaging of the LPCA can reproduce the well-established finding of hypertensive vascular remodeling in SHR.
Protocol 2: Assessment of endothelial function
The purpose of this protocol was to test if in vivo imaging of the LPCA in combination with corneal drug application (eye drops) allows assessment of endothelial function and if it can reproduce the well-established finding of endothelial dysfunction in SHR (16, 25) .
Time to maximum vasodilator response to pilocarpine: In normotensive Sprague Dawley rats (n=10), the maximum vasodilator response of the LPCA to a single corneal application of 30 µL of a 1% pilocarpine solution was found after 9-12 min (Fig. 7, top) . The lumen diameter returned to levels not significantly different from baseline after 24 min.
The lumen diameter of the LPCA increased by a maximum of 36.0±9.1% (minute 9).
Thus, maximal vascular responses of the LPCA to a corneal application of pilocarpine should be assessed ~10 min following drug application.
Dose-response curve for pilocarpine:
The greatest vasodilator response of the LPCA in normotensive Sprague Dawley rats (n=6) was found at a dose of pilocarpine of 30 µL of a 1% solution. At this dose, the lumen of the LPCA increased by 33.6±5.0%. A higher dose (30 µL of a 3% solution) did not further increase the lumen diameter of the LPCA (+24.3±5.3%, Fig. 7, middle) . Thus, if a single dose of pilocarpine is used to assess endothelial function of the LPCA, application of 30 µL of a 1% solution is recommended because this dose will result in the largest vascular response.
Inhibition of the vascular response to pilocarpine by L-NAME:
A dose-dependent inhibition of the pilocarpine-induced vasodilator response of the LPCA by L-NAME was observed in normotensive Sprague Dawley rats (n=6). Pretreatment with corneal application of 30 µL of a 4% L-NAME solution prevented a significant increase in lumen diameter in response to 30 µL of a 1% pilocarpine solution, suggesting that pilocarpinemediated vasodilation of the LPCA is mainly mediated by endothelial NO release (Fig. 7, bottom) .
Endothelial function in WKY and SHR:
was assessed in SHR (n=6) and WKY (n=6) that we obtained as "retired breeders" from Charles River Laboratories International, Inc.
(Wilmington, MA). The company does not exactly specify the age for "retired breeders".
At the time of the experiments body weight was 427±2 g in WKY and 334±6 g in SHR.
Based on the body weights shown in Fig. 3 and based on the literature (15), we estimate the age of the SHR as ~4-5 months and the age of the WKY as ~6 months. Systolic blood pressure and heart rate determined by the tail-cuff technique in conscious animals were 200±2 mmHg vs. 122±7 mmHg (P<0.05) and 326±14 bpm vs.
379±13 bpm (P<0.05) in SHR and WKY, respectively. Lumen diameter of the LPCA did not differ significantly between SHR and WKY under baseline conditions (Fig. 8) . Ten min following corneal application of 30 µL of a 1% pilocarpine solution the lumen diameter of the LPCA was significantly increased in both strains of rats. However, the lumen increased to a greater diameter in WKY than in SHR (Fig. 8) , suggesting reduced endothelium-dependent vasodilation in SHR compared to WKY, thus confirming previous reports of endothelial dysfunction in SHR (16, 25) . Inhibition of endothelial NO-synthase by 30 µL of a 4% L-NAME solution (15 min after pilocarpine application) returned the lumen diameter to baseline levels in both strains of rats (Fig. 8) , again suggesting that the pilocarpine response is mainly mediated by endothelial NO release.
Collectively, the findings of this experimental protocol confirm that assessing the vascular response of the LPCA to corneal application of pilocarpine allows assessment of endothelial function in conscious rats and can reproduce the well-established finding of endothelial dysfunction in SHR.
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Protocol 3: Endothelium-independent vasodilation
The purpose of this protocol was to use papaverine to elicit maximal vasodilation in order to evaluate structural properties of the LPCA without the confounding effect of vascular tone.
The same animals used for Protocol 2 were also used in this protocol. The maximum vasodilator response was obtained 9-15 minutes after a single corneal application of a 1% papaverine solution (Fig. 9, top) . The dose response curve for the vasodilator action of papaverine is shown in Fig. 9 (middle) . After corneal application of papaverine at a 2% concentration the cornea was covered with white residue (presumably papaverine that did not stay in solution) and, thus, we could only analyze the dose response curve up to a concentration of 1%. In both strains of rat, this concentration still fell within the increasing part of the dose response curve and a plateau was not reached. Lumen diameter and W/L ratio of the LPCA following a corneal application of 1% papaverine are shown in Fig. 9 (bottom) for WKY and SHR. We did not perform a statistical analysis on these data because of the low number of animals. However, no marked differences between WKY and SHR were observed for lumen diameter or W/L ratio at this submaximal dose of papaverine.
Discussion
There are two major findings of this study: First, in vivo imaging of the iris in conscious rats can provide high-resolution digital photographs of morphological structures of the LPCA that allow assessment of the lumen diameter, wall thickness, and W/L ratio of this artery. Second, drugs can be administered as eye drops to study vascular function of the LPCA in conscious rats.
Based on its anatomy, the LPCA might be considered a model for resistance arteries of the cerebral circulation. Fig. 1 (top, left) shows the anatomical location of the 4 branches of the LPCA within the iris. Two LPCA branch off the ophthalmic artery (a branch of the internal carotid artery) and enter the globe lateral and medial from the optic nerve. Both, the lateral and the medial LPCA then divide into a superior and inferior branch, which collectively constitute the circulus arteriosous major around the circumference of the iris.
Because of the anatomical origin of the LPCA from the internal carotid and ophthalmic artery, the LPCA may be considered a "cerebral artery". In addition, the LPCA is considered to be part of the "blood-aqueous barrier" (33) , an ocular equivalent of the bloodbrain barrier. Thus, assessing structure and function of the LPCA by in vivo imaging may potentially be of considerable interest in research areas related to the cerebral circulation or stroke. Furthermore, the lumen diameter of the LPCA in rats, as identified in this study, ranges between 30 µm and 60 µm, depending on strain and age of rats.
Based on this size, the LPCA can be classified as an arteriole and resistance vessel (30) .
Our findings with the LPCA matched expectations based on previous work of other vessels in SHR. As expected, systolic blood pressure increased from 9 weeks of age to Our results also demonstrate that in vivo imaging of the LPCA in combination with corneal drug application allows for studying vascular function in conscious rats. Pilocarpine, a muscarinic receptor agonist that causes endothelium-dependent vasorelaxation elicited its maximal vasodilator response in the LPCA approximately 10 min after corneal application of the drug. This relatively long time to maximal effect is consistent with observations by others (33) and may be related to diffusion through the cornea and subsequently across the "blood-aqueous barrier" into the vessel. We also determined the NO-dependent component of the pilocarpine-induced vasodilation. Pretreatment with increasing doses of the NO synthase inhibitor L-NAME dose-dependently attenuated the vasodilator response of 30 µL of a 1% pilocarpine solution, which is the dose that yielded the greatest vascular response in the pilocarpine dose-response curve. A dose of 30 µL of a 4% L-NAME solution prevented a significant increase in lumen diameter by pilocarine, indicating that endothelial NO release is the major factor contributing to pilocarpine-induced vasodilation. Finally, the pilocarpine response of the LPCA in ~4-5 month-old SHR was smaller than the response in ~6 month-old WKY. Consistent with findings in the carotid artery in SHR and WKY (40) , baseline lumen diameter of the LPCA was no longer significantly smaller in SHR than in WKY at these ages. In the chronic experiment (protocol 1) young WKY (8 weeks of age) demonstrated a steady decline in lumen diameter over the 10-week observation period (Fig. 4, top) . It is possible that this trend continued and that at the age of ~6 months the lumen diameter in There are several strengths of the in vivo imaging technique of the LPCA. Besides being a relatively inexpensive technique, other strengths of this methodology include the possibility to assess vascular structure and function in conscious (vs. anesthetized) rats because anesthetic drugs have a major impact on vascular function (2) . The option to perform repeated measurements of vascular structure and function in individual animals, such as done in this study, provides the opportunity to perform time course experiments with minimal number of animals and optimal statistical power using repeated measurement designs. The fact that the LPCA can be considered an arteriole or a true resistance artery can also be considered an advantage because other techniques, such as isolated microvessel preparations, are technically very challenging and difficult to perform, whereas in vivo imaging of the LPCA using a slit-lamp biomicroscope is far less difficult or technically challenging (although it requires some experience to obtain well-focused images). Finally, a strength of the technique is the potential possibility to apply it to mice. Pilot experiments performed in our laboratory suggest that this may indeed be possible. Fig. 10 shows a photomicrograph of an LPCA taken in a conscious mouse using the same technique as described here for rats. This option could provide access to a wide range of transgenic animal models and make in vivo imaging of the LPCA a highly attractive technique in a variety of biomedical research areas.
As with every experimental technique, there are some limitations inherent to the in vivo imaging technique of the LPCA. First, high quality images can only be obtained in albino animals, because the LPCA is almost invisible in a pigmented iris. Of course, non-albino
In vivo imaging of the LPCA 15 rat or mice strains can be bred into an albino strain to circumvent this limitation. Another limitation is that it is not possible to discern morphological vs. functional properties of the LPCA without application of vasodilator drugs. One would have to determine lumen diameter, wall thickness, and W/L ratio in a completely relaxed LPCA to assess the true structural properties of the blood vessel in the absence of vascular tone. For example, we cannot exclude the possibility that the smaller lumen diameter and greater W/L ratio in SHR compared to WKY observed during the 10 week observation period in this study is simply due to greater vascular tone (or greater responsiveness to stress associated with handling conscious rats) in SHR than in WKY and that there are no true structural differences. Our attempt to completely relax the LPCA using papaverine (Fig. 9) was not successful because we were unable to apply papaverine at doses that elicit a maximal vasodilation. However, the findings that lumen diameter of the LPCA (Fig. 8 ) was significantly smaller and W/L ratio (1.02±0.075 in SHR vs. 0.86±0.036 in WKY, P<0.05) was significantly larger in SHR than in WKY following pilocarpine-induced vasorelaxation suggests that the observed differences in morphological parameters of the LPCA during the 10-week observation period mainly reflect structural differences between SHR and WKY. While local drug application by eye drops has the advantage of preventing systemic drug effects, it also has some disadvantages. Because cornea thickness varies between animal strains (17, 18) , absorption through the cornea may also vary from strain to strain and, therefore, contribute to the variability of the effective dose of a drug.
The theoretical possibility to inject drugs through the cornea utilizing an injection needle has not been explored in this study but would certainly be possible. Furthermore, as our papaverine experiments demonstrate, water-solubility of some drugs (e.g., Ca ++ -channel blockers, papaverine) is low and, therefore, it may not be possible to apply maximal doses of some drugs, because ethanol or DMSO cannot be used as solvents for corneal application of drugs. Finally, another limitation of the in vivo imaging technique is that the relationship between transmural pressure of the LPCA and intraocular pressure can be a confounding factor in studies in which intraocular pressure is not constant.
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In conclusion, the results of this study demonstrate that in vivo imaging of the LPCA allows assessment of structural and functional parameters of this resistance artery in conscious rats. In addition, drugs can be applied locally as eye drops, allowing for a variety of functional vascular studies, including assessment of endothelial function. Finally, the technique has the potential to be adapted to the smaller anatomy of mice and may allow for even more advanced vascular examinations, such as studying vascular compliance and possibly shear rate and shear stress.
Perspectives and Significance
Based on our initial experiences with this technique, we envision several opportunities for continued refinements that would broaden its applicability. First, it might be possible to determine vascular compliance of the LPCA by synchronizing the shutter of the digital camera with the cardiac cycle. Such synchronization would allow capturing images during systole and diastole. The relation between pulse pressure and systolic/diastolic lumen diameter difference may then be used as a measure of vascular compliance. Of course, such experiments should also be performed in pharmacologically relaxed blood vessels. Second, the observation that axial migration of erythrocytes causes a bright band in the center line of the vessel lumen (Fig. 1, lower left) might offer another potential application of this technique. If it were possible to establish the relationships between the width of this center line, the magnitude of axial migration of erythrocytes, and the shear rate and/or shear stress within the blood vessel, in vivo imaging of the LPCA may be used to study the interaction between shear rate, shear stress, and structural and functional properties of the LPCA. Correlation between systolic blood pressure (BP SYS , x-axis) and wall to lumen ratio of the long posterior ciliary artery (W/L ratio LPCA , y-axis). Pooled (BP SYS -W/L ratio LPCA data pairs from all 20 rats of both strains and all 10 time points pooled) and partial (corrected for factor "strain of rat") correlation analysese were calculated. Significant (P<0.05) linear correlations were found in both analyses. 
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